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ABSTRACT 
T h i s  r e p o r t  desc r ibes  t h e  a v a i l a b i l i t y  on magnet ic  tape  o f  a summary da ta  
s e t  f o r  f o u r  yea rs  o f  A r c t i c  sea i c e  c o n d i t i o n s  i n  t h e  mid 1970s. T h i s  da ta  
s e t  was d e r i v e d  f rom b r i g h t n e s s  temperature da ta  c o l  1 ec ted  by  t h e  E l e c t r i c a l  l y  
Scanning Microwave Radiometer (ESMR) on board t h e  Nimbus 5 s a t e l l i t e  over  t h e  
p e r i o d  1973 th rough  1976. The data i n c l u d e d  on t h e  tape  a r e  g r idded  i n t o  293 
by 293 g r i d s  t h a t  cover  a p o l a r  s te reograph ic  map e n c l o s i n g  t h e  50°N l a t i t u d e  
c i r c l e .  The g r i d  s i z e  v a r i e s  f rom about 32 k i l o m e t e r s  by 32 k i l o m e t e r s  a t  t h e  
p o l e s  t o  about 28 k i l o m e t e r s  by 28 k i l o m e t e r s  a t  50'N. The v a r i a b l e s  i n c l u d e d  
a r e  t h e  f o l l o w i n g :  ( a )  month ly  averaged microwave b r i g h t n e s s  tempera tures  f o r  
January, February,  June, and J u l y  o f  1973, September 1973 th rough  May 1975, 
and September 1975 th rough  October 1976; ( b )  mon th l y  averages o f  an i c e  concen- 
t r a t i o n  parameter  c a l c u l a t e d  f rom t h e  b r i g h t n e s s  tempera tures  t o g e t h e r  w i t h  
mean c l i m a t o l o g i c a l  a tmospher ic  temperatures; ( c )  mu1 t i y e a r  month ly  averages 
o f  t h e  b r i g h t n e s s  tempera tures  and t h e  i c e  c o n c e n t r a t i o n  parameter; ( d )  y e a r l y  
and f o u r - y e a r l y  averages o f  t h e  b r igh tness  tempera tures  and t h e  i c e  concent ra -  
t i o n  parameter; ( e )  month ly  c l i m a t o l o g i c a l  s u r f a c e  a i r  temperatures;  and ( f )  
month ly  c l i m a t o l o g i c a l  sea l e v e l  pressures. The i c e  c o n c e n t r a t i o n  parameter  
i s  c a l c u l a t e d  assuming t h e  f i e l d  o f  v iew c o n t a i n s  o n l y  open water  and sea i c e ,  
w i t h  a l l  i c e  hav ing  an e m i s s i v i t y  o f  0.92. Because f i r s t - y e a r  sea i c e  does 
have an e m i s s i v i t y  o f  approx imate ly  0.92 a t  t h e  19-GHz f requency  o f  t h e  ESMR 
data ,  t h e  i c e  c o n c e n t r a t i o n  parameter rep resen ts  sea i c e  c o n c e n t r a t i o n s  f o r  
reg ions  w i t h  e x c l u s i v e l y  f i r s t - y e a r  i c e  and open water .  I n  reg ions  which 
a r e  compl ica ted  by t h e  e x i s t e n c e  o f  m u l t i y e a r  i c e ,  which has an e m i s s i v i t y  
of approx imate ly  0.84, t h e  m u l t i y e a r  i c e  f r a c t i o n s  as w e l l  as t h e  i c e  concen- 
t r a t i o n  parameter a r e  needed f o r  t h e  d e t e r m i n a t i o n  o f  a c t u a l  i c e  concen t ra t i ons .  
As a r e s u l t ,  t h e  va lues  o f  t h e  i c e  c o n c e n t r a t i o n  parameter  a r e  termed "pseudo" 
i c e  concent ra t ions .  A nomogram i s  p resented  r e l a t i n g  t h e  pseudo i c e  concen- 
t r a t i o n s  t o  t h e  t o t a l  i c e  c o n c e n t r a t i o n s  and t h e  m u l t i y e a r  i c e  f r a c t i o n s .  
Cons ide ra t i ons  o f  m u l t i y e a r  i c e  f r a c t i o n  a r e  n o t  necessary f o r  t h e  de termina-  
t i o n  of i c e  ex ten ts ,  and consequent ly  maps o f  month ly  and m u l t i y e a r  month ly  
i c e  e x t e n t s  f rom t h e  ESMR d a t a  a r e  i n c l u d e d  a t  t h e  end o f  t h i s  r e p o r t .  
D e t a i l e d  a n a l y s i s  o f  t h e  d a t a  and t h e  cor respond ing  A r c t i c  sea i c e  c o n d i t i o n s  
can be found i n  the  volume A r c t i c  Sea I ce ,  1973-1976: S a t e l l i t e  Passive-Microwave 
Observat ions by  C. L. Park inson,  J .  C. Comiso, H. J .  Zwal ly ,  D. J .  C a v a l i e r i ,  
P. Gloersen, and W. J. Campbell. The companion p u b l i c a t i o n s  f o r  t h e  A n t a r c t i c  
a r e  S a t e l l i t e - D e r i v e d  I c e  Data Sets No. 1: A n t a r c t i c  Month ly  Average Microwave 
B r i g h t n e s s  Temperatures and Sea I c e  Concen t ra t i ons  1973-1976 by H. J .  Zwa l l y ,  
J .  C. Comiso, and C. L. Pa rk inson  and A n t a r c t i c  Sea I c e ,  1973-1976: S a t e l l i t e  
Passive-Microwave Observa t ions  by  H. J .  Zwa l l y ,  J.  C. Comiso, C. L. Park inson,  
W. J .  Campbell, F. D. Carsey, and P. Gloersen. The magnet ic  tapes  f o r  b o t h  
t h e  A r c t i c  and A n t a r c t i c  d a t a  can be ob ta ined  f rom t h e  N a t i o n a l  Space Science 
Data Center, Greenbelt,  Mary land 20771, o r  f rom t h e  World Data Center  A f o r  
G lac io logy ,  Boulder, Colorado 80309. 
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INTRODUCTION 
Data f rom t h e  E l  e c t  r i  c a l  l y  Scanni ng Microwave Radi ometer (ESMR) on board 
t h e  Nimbus 5 s a t e l l i t e  have been used t o  d e r i v e  i n f o r m a t i o n  on A r c t i c  sea 
i c e  c o n d i t i o n s  over  t h e  f o u r  years 1973 th rough  1976. D e t a i l e d  analyses o f  
t h e  d a t a  and revea led  A r c t i c  sea i c e  cover  c h a r a c t e r i s t i c s  a r e  p resented  i n  
t h e  volume A r c t i c  Sea I ce ,  1973-1976: Sate1 1 i t e  Passive-Microwave Observa t ions  
(Park inson  e t  a l . ,  1987), h e r e a f t e r  r e f e r r e d  t o  as t h e  A r c t i c  a t l a s  o r  t h e  
A r c t i c  sea i c e  a t l a s .  The Arct ic  a t l a s  i n c l u d e s  f a l s e - c o l o r  images o f  
month ly  averaged b r i g h t n e s s  temperatures a t  5 K i n t e r v a l s ,  month ly  averaged 
i c e  c o n c e n t r a t i o n s  a t  4 -percent  i n t e r v a l s ,  month ly  d i f f e r e n c e s  i n  i c e  concen- 
t r a t i o n  a t  5-percent  i n t e r v a l s ,  and a wide v a r i e t y  o f  a d d i t i o n a l  maps and 
t ime-sequence p l o t s  d e r i v e d  f rom t h e  microwave da ta ,  as w e l l  as e x t e n s i v e  
d e s c r i p t i v e  ana lys i s .  
The ESMR i ns t rumen t  measured r a d i a t i o n  a t  a f requency o f  19  GHz and a 
s p a t i a l  r e s o l u t i o n  o f  approx imate ly  30 k i l o m e t e r s  f o r  much o f  t h e  p e r i o d  
f rom t h e  launch o f  t h e  Nimbus 5 s a t e l l i t e  i n  December 1972 t h r o u g h  March 
1983. However, t h e r e  was a s i g n i f i c a n t  r e d u c t i o n  i n  d a t a  q u a l i t y  a f t e r  
October 1976 because o f  degenerat ion o f  t h e  i ns t rumen t ,  and consequent ly  
b o t h  t h i s  r e p o r t  and t h e  corresponding A r c t i c  sea i c e  a t l a s  (Pa rk inson  e t  
al. ,  1987) a r e  r e s t r i c t e d  t o  t he  p e r i o d  January 1973 t h r o u g h  October  1976. 
The v a l u e  o f  t h e  ESMR da ta  f o r  sea i c e  s t u d i e s  d e r i v e s  f rom t h e  l a r g e  
c o n t r a s t  i n  microwave e m i s s i v i t i e s  between sea i c e  and open water .  A t  t h e  
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19-GHz frequency o f  t h e  ESMR, open wa te r  has an e m i s s i v i t y  o f  app rox ima te l y  
0.44 whereas var ious sea - i ce  t y p e s  have e m i s s i v i t i e s  rang ing  f rom approx ima te l y  
0.8 t o  0.97. The r e s u l t i n g  c o n t r a s t  i n  microwave b r i g h t n e s s  temperatures 
a l l o w s  conversions t o  approximate sea i c e  c o n c e n t r a t i o n s  (percentages o f  ocean 
area covered by sea i c e )  and hence i d e n t i f i c a t i o n  o f  sea i c e  d i s t r i b u t i o n s  
th roughou t  t h e  reg ion  o f  obse rva t i on ,  as w e l l  as tempora l  v a r i a t i o n s  o f  t h e s e  
d i s t r i b u t i o n s  throughout  t h e  t i m e  p e r i o d  o f  obse rva t i on .  
The ESNR data se t  p r o v i d e s  t h e  e a r l i e s t  a1 1-weather, a l l - s e a s o n  imagery 
o f  g l o b a l  sea ice.  Some s a t e l l i t e  d a t a  of sea i c e  i n  t h e  v i s i b l e  and i n f r a r e d  
wavelengths were a v a i l a b l e  i n  t h e  l a t e  1960s and e a r l y  1970s, b u t  v i s i b l e  d a t a  
cannot be obta ined d u r i n g  darkness, and c l o u d  cove r  o f t e n  obscures b o t h  v i s i b l e  
and i n f r a r e d  sensing o f  t h e  su r face ,  making q u a n t i t a t i v e  e s t i m a t e s  o f  t h e  i c e  
cove r  d i f f i c u l t .  S ince t h e  p o l a r  r e g i o n s  a r e  e i t h e r  dark o r  c loud-covered 
f o r  much o f  t h e  year ,  t h e  g e n e r a t i o n  o f  c o n s i s t e n t ,  l ong - te rm d a t a  reco rds  
f rom v i  s i  b l  e and i n f r a r e d  sensing i s  n o t  p r a c t i c a l .  A c c o r d i n g l y  , t h e  p a s s i v e  
microwave d a t a  c o l l e c t e d  by t h e  Nimbus 5 ESMR, which a r e  n o t  a f f e c t e d  s i g n i f i -  
c a n t l y  by n o n - p r e c i p i t a t i n g  c louds  o r  by t h e  presence o r  absence o f  v i s i b l e  
l i g h t ,  i n t r o d u c e d  a ma jo r  advance i n  t h e  use fu lness  o f  s a t e l l i t e  sea i c e  
imaging and f o r  t h a t  reason have been compi led and analyzed in A r c t i c  and 
A n t a r c t i c  sea i c e  a t l a s e s  (Park inson  e t  al. ,  1987; Zwa l l y  e t  a l . ,  1983). The 
l i m i t e d  r e s o l u t i o n  o f  app rox ima te l y  30 k i l o m e t e r s  by 30 k i l o m e t e r s  makes t h e  
d a t a  more s u i t a b l e  f o r  g l o b a l  o r  o t h e r  l a r g e - s c a l e  s t u d i e s  t h a n  f o r  s m a l l - s c a l e  
s tud ies .  
i n s t r u m e n t  can be found i n  t h e  Nimbus 5 U s e r ' s  Guide ( S a b a t i n i ,  1972). 
A d e t a i l e d  d e s c r i p t i o n  o f  b o t h  t h e  Nimbus 5 s a t e l l i t e  and t h e  ESMR 
T h i s  r e p o r t  summarizes v a r i o u s  aspects  o f  t h e  p rocess ing  and h a n d l i n g  of 
t h e  Nimbus 5 ESMR d a t a  and p rov ides  t h e  i n f o r m a t i o n  necessary f o r  read ing  and 
2 
i n t e r p r e t i n g  t h e  summary da ta  s e t  p laced on magnet ic  tapes  made a v a i l a b l e  t o  
t h e  research  community. 
DATA PROCESSING, COMPILATION, AND MAPPING 
The t e l e m e t r y  da ta  from t h e  Nimbus 5 s a t e l l i t e  were t r a n s m i t t e d  t o  two 
s p a c e f l i g h t  t r a c k i n g  and da ta  network s t a t i o n s  l o c a t e d  near Fa1 rbanks, Alaska, 
and Rosman, Nor th  Caro l i na ,  from which t h e  da ta  were r e l a y e d  t o  Goddard Space 
F l i g h t  Center  (GSFC). 
suppiemented w i t h  f l a g s  and end o f  f i l e s ,  and s t o r e d  on magnetic tapes  c a l l e d  
exper imenta l  tapes  (ET 's ) .  For  da ta  p rocess ing  convenience, t h e  da ta  f rom t h e  
ESMR ins t rumen t  were combined f rom severa l  ET's t o  fo rm stacked exper imenta l  
tapes  (SET's). 
f o rma t  on t h e  SET's f o r  use on t h e  GSFC computers. 
A t  GSFC, t h e  t e l e m e t r y  da ta  were unpacked, decommutated, 
The 1 0 - b i t  t e l e m e t r y  d a t a  on t h e  ET's were conver ted  t o  3 2 - b i t  
The SET's were used w i t h  ephemeris tapes  t o  genera te  Ear th - l oca ted  c a l i -  
b r a t e d  b r i g h t n e s s  tempera ture  (CRT) tapes, which a r e  t h e  p r i m a r y  source o f  
o r b i t a l  Ea r th - l oca ted  and c a l i b r a t e d  rad iometer  da ta  f rom t h e  ESNR. The CRT 
tapes  c o n t a i n  t h e  t ime,  c a l  i b r a t i o n  parameters, measured b r i g h t n e s s  tempera- 
t u r e s ,  and cor respond ing  geographica l  coo rd ina tes  ( W i l h e i t ,  1972). Each CRT 
t a p e  was w r i t t e n  i n  b i n a r y  fo rmat  a t  6250 b i t s  p e r  i n c h  and has approx ima te l y  
180 f i l e s ,  each c o n t a i n i n g  one o r b i t  o f  data.  
each b l o c k  has 50 records  w i t h  560 bytes p e r  record.  Table 1 l i s t s  t h e  fo rmat  
of each reco rd  on a CBT tape.  
The tapes  a r e  b locked so t h a t  
The Nimbus 5 ESMR recorded r a d i a t i o n  f rom 78 scan p o s i t i o n s  v a r y i n g  from 
50 degrees t o  t h e  l e f t  t o  50 degrees t o  t h e  r i g h t  o f  t h e  s a t e l l i t e  t r a c k  
( W i l  h e i t ,  1972). 
f rom a sequence o f  s i x  s a t e l l i t e  o r b i t s ,  or one-ha l f  day o f  good da ta ,  if 
F u l l  coverage o f  the e n t i  r e  p o l a r  area cou ld  be ob ta ined  
a l l  78 beam p o s i t i o n s  were u t i l i z e d .  
i n  t h e  rad iometer  f i e l d  of v iew f rom t h e  o u t e r  beam p o s i t i o n  t o  t h e  m idd le  
beam p o s i t i o n  (70 k i l o m e t e r s  by  140 k i l o m e t e r s  compared w i t h  25 k i l o m e t e r s  
by 25 k i l o m e t e r s ) ,  g e n e r a l l y  o n l y  t h e  m idd le  52 beam p o s i t i o n s  were used, 
f o r  a swath-angle coverage o f  - + 30.5 degrees and a minimum r e s o l u t i o n  o f  29 
k i l o m e t e r s  by 42 k i l omete rs .  
coverage o f  about 1280 k i l o m e t e r s  on t h e  E a r t h ' s  sur face .  
f rom poleward o f  85" l a t i t u d e  a r e  o b t a i n a b l e  o n l y  th rough use o f  t h e  o u t e r  
beam p o s i t i o n s ,  t hese  o u t e r  p o s i t i o n s ,  which were o the rw ise  d iscarded,  were 
used t o  cover  the  r e g i o n  between 85" and t h e  po les .  
t h e  ESMR senses h o r i z o n t a l l y  p o l a r i z e d  r a d i a t i o n ,  a scan-angle dependent 
c o r r e c t i o n  was a p p l i e d  t o  t h e  da ta  t o  make each obse rva t i on  approx ima te l y  
equi  Val e n t  t o  a nad i  r observa t ion ,  whi ch i s nonpol a r i  zed. 
However, because o f  t h e  l a r g e  d i s p a r i t y  
T h i s  swath ang le  corresponds t o  a s p a t i a l  
Because ESMR da ta  
Fur thermore,  because 
Wi th t h e  above r e s t r i c t i o n s  on beam p o s i t i o n s  and w i t h  a d d i t i o n a l  r e j e c t i o n  
o f  da ta  because o f  occas iona l  i ns t rumen ta l  problems, about 3 days of d a t a  were 
g e n e r a l l y  requ i red  t o  p r o v i d e  near-complete s p a t i a l  coverage o f  t h e  p o l a r  
reg ions.  Three-day-average maps were t h e r e f o r e  generated f o r  a l l  p e r i o d s  t h a t  
con ta ined  v a l i d  da ta  f rom launch u n t i l  November 1976. These naps employed a 
p o l a r  s te reograph ic  p r o j e c t i o n ,  w i t h  t h e  d a t a  be ing  g r idded  o n t o  square g r i d s  
p laced  over  these p r o j e c t i o n s .  
P o l a r  s te reograph ic  maps a r e  c o n s t r u c t e d  by  p r o j e c t i n g  p o i n t s  on t h e  
E a r t h ' s  sur face o n t o  a p l a n e  tangent  t o  t h e  s u r f a c e  a t  e i t h e r  t h e  Nor th  Po le  
o r  t h e  South Pole, w i t h  t h e  v e r t e x  o f  t h e  p r o j e c t i o n  be ing  t h e  o p p o s i t e  po le .  
The concept i s  i l l u s t r a t e d  i n  F i g u r e  1, where a p o i n t  R on t h e  E a r t h ' s  s u r f a c e  
i s  p r o j e c t e d  t o  t h e  p o l a r  p l a n e  a t  C. 
t h e  50"N l a t i t u d e  c i r c l e  and a r e  g r idded  t o  293 x 293 g r i d  elements, each 
The maps used a r e  square g r i d s  e n c l o s i n g  
4 
- 
g r i d  element r e p r e s e n t i n g  an area ranging f rom about 32 k i l o m e t e r s  b y  32 
k i l o m e t e r s  near  t h e  p o l e s  t o  about 28 k i l o m e t e r s  by 28 k i l o m e t e r s  near  50" 
l a t i t u d e  ( F i g u r e  2). 
rad iomete r  f i e l d  o f  v iew determine t h e  c e l l  i n t o  which t h e  da ta  a r e  p laced.  
Over lapp ing  da ta  i n  a c e l l  f rom separate o r b i t s  i n  t h e  same 3-day or month ly  
p e r i o d  a r e  averaged t o  g i v e  a s i n g l e  b r i g h t n e s s  tempera ture  taken  t o  he 
l o c a t e d  a t  t h e  c e n t e r  o f  t h e  c e l l .  
The geographical coo rd ina tes  o f  t h e  c e n t e r  of t h e  
The coo rd ina tes  o f  each element on t h e  p r o j e c t e d  map a r e  determined as 
f o l l o w s :  i ne  d i s t a n c e  r f rom t h e  po le  t o  t h e  p r o j e c t e d  p o i n t  i s  c a l c u l a t e d  
as 
_. 
r = d t a n a  , ( I )  
where d i s  t h e  d iameter  o f  t h e  Earth, and a i s  t h e  angu la r  p r o j e c t i o n  a t  t h e  
o p p o s i t e  p o l e  expressed i n  terms o f  l a t i t u d e ,  $ , as 
( F i g u r e  l a ) .  
nents  o f  t h e  da ta  element w i t h  no r th  l a t i t u d e  $ and eas t  l o n g i t u d e  X a r e  
g i ven  by: 
Using t h e  axes and o r i e n t a t i o n  o f  F i g u r e  l b ,  t h e  x and y compo- 
90" - $I 
x = d t a n  ( ) cos ( X - 45")  , 
2 
90O - $ I  
y = d t a n  ( ) s i n  ( x - 45" )  . 
2 
( 3 )  
( 4 )  
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The standard map used f o r  t h e  images i n  t h i s  volume i s  o v e r l a i d  by a 293 by 
293 square g r i d  enc los ing  t h e  50"N l a t i t u d e  c i r c l e .  
system s e l e c t e d  and a sca led  va lue  o f  d equal t o  401.78, each p o i n t  on t h e  
map can be expressed by a s e t  o f  i n t e g e r  c o o r d i n a t e s  (1,J) d e f i n e d  w i t h  
i n t  eg e r t r u nca t  i on by : 
For  t h e  c o o r d i n a t e  
( 6 )  J = 147 + x + 0.5 . 
The va lue  o f  0.5 i n  Equat ions 5 and 6 p r o p e r l y  p o s i t i o n s  t h e  map c e l l  a t  t h e  
c e n t e r  o f  i t s  geographic l o c a t i o n .  
DATA INTERPOLATION AND DETERMINATION OF MONTHLY AVERAGES 
The 3-day-averaged maps d iscussed i n  t h e  p r e v i o u s  s e c t i o n  were combined 
Because o f  t o  c r e a t e  t h e  monthly averages con ta ined  on t h e  magnet ic  tapes. 
d a t a  1 oss caused by i n s t r u m e n t a l  , process ing  , and c a l  i b r a t i  on problems , as 
many as 20 percent  o f  t h e  d a t a  c e l l s  i n  t h e  293 by 293 g r i d s  were empty on 
some 3-day-averaged maps, t h i s  be ing  more f requen t  a f t e r  t h e  l aunch  o f  t h e  
Nimbus 6 s a t e l l i t e  i n  June 1975, when Nimbus 5 da ta  became a v a i l a b l e  o n l y  
every  o t h e r  day. F o r t u n a t e l y ,  most o f  t hese  empty c e l l s  a r e  l o c a t e d  o u t s i d e  
t h e  sea i c e  region. Nonetheless, f o r  p roper  we igh t i ng  of  d a t a  i n  t h e  month ly  
averaged maps, var ious  i n t e r p o l a t i o n s  were made t o  f i l l  i n  some o f  t h e  empty 
c e l l s  i n  t h e  3-day-averaged maps. Because t h e  A r c t i c  d a t a  have cons ide rab ly  
more d a t a  gaps than t h e  A n t a r c t i c  data, a more complete i n t e r p o l a t i o n  procedure 
was necessary f o r  t h e  A r c t i c  a t l a s  than  was used f o r  t h e  A n t a r c t i c  a t l a s .  
To c a l c u l a t e  t h e  month ly  averaged b r i g h t n e s s  tempera tures  f o r  t h e  A r c t i c ,  
an i n i t i a l  s p a t i a l  i n t e r p o l a t i o n  was c a r r i e d  o u t  on a l l  3-day-averaged maps. 
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I n  t h i s  i n i t i a l  i n t e r p o l a t i o n ,  a l l  m iss ing  da ta  p o i n t s  t h a t  were w i t h i n  two 
p i x e l s  o f  good da ta  on two oppos i te  s ides ( i n  t h e  x d i r e c t i o n ,  y d i r e c t i o n ,  
or d i a g o n a l l y )  were f i l l e d  i n  w i t h  l i n e a r l y  i n t e r p o l a t e d  values. 
tempora l  i n t e r p o l a t i o n  was performed, w i t h  m i s s i n g  da ta  f i l l e d  i n  by l i n e a r  
Next, 
t i m e  i n t e r p o l a t i o n  whenever t h e r e  were good da ta  bo th  i n  e i t h e r  of t h e  two 
p r e v i o u s  3-day p e r i o d s  and i n  e i t h e r  o f  t h e  two subsequent 3-day pe r iods .  
F o l l o w i n g  these two s e t s  o f  i n t e r p o l a t i o n s ,  a c a l i b r a t i o n  ad jus tment ,  desc r ibed  
i n  Appendix A of t h e  A r c t i c  sea i c e  a t l a s  (Park inson e t  a1 ., 1987) , was made 
f o r  each 3-day p e r i o d  f rom May 18 through October 30 o f  1976. Then a weighted 
month ly  averag ing  was performed, fo l lowed by a n o r m a l i z a t i o n  t o  p l a c e  t h e  
monthly-averaged ocean-temperature peak c o n s i s t e n t l y  a t  138.3 K. 
o f  t hese  and o t h e r  aspects  o f  t h e  data p rocess ing  can be found i n  Appendix A 
o f  t h e  A r c t i c  a t l a s .  
Tho d e t a i l s  
The month ly  average da ta  were combined i n t o  4-year month ly  averages by  
averag ing  t h e  January da ta  f o r  t h e  four i n d i v i d u a l  years ,  t h e  February  da ta  
f o r  t h e  f o u r  i n d i v i d u a l  years ,  and so on. I n  cases w i t h  m i s s i n g  months due 
t o  da ta  gaps , t h e  4-year averages become 3-year o r  2-year averages i ns tead .  
Year ly  averages were a l s o  c a l c u l a t e d ,  averag ing  t h e  m a t r i c e s  f o r  t h e  t w e l v e  
i n d i v i d u a l  months w i t h i n  t h e  year ,  w i t h  m i s s i n g  months f i l l e d  i n  by  tempora l  
i n t e r p o l a t i o n .  F i n a l l y ,  a f u l l  4-year average was made from t h e  f o u r  y e a r l y  
averages, and t h a t  as well as t h e  y e a r l y  averages, month ly  averages, and 
4-year month ly  averages, i s  i n c l u d e d  on t h e  magnet ic  tapes  assoc ia ted  w i t h  
t h i s  t e c h n i c a l  memorandum. 
7 
DETERMINATION OF AN I C E  CONCENTRATION PARAWETER 
The magnetic tapes  con ta in ,  i n  a d d i t i o n  t o  t h e  ESMR b r i g h t n e s s  tempera ture  
data,  an i c e  c o n c e n t r a t i o n  parameter d e r i v e d  f rom t h a t  data. 
t h e  b r igh tness  temperature observed over  t h e  s u r f a c e  o f  t h e  E a r t h  a r e  caused 
by v a r i a t i o n s  i n  t h e  e m i s s i v i t y  o f  t h e  s u r f a c e  m a t e r i a l  and v a r i a t i o n s  i n  
p h y s i c a l  temperature accord ing  t o  t h e  equa t ion  
V a r i a t i o n s  i n  
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T B = E T ,  ( 7 )  
v a l i d  f o r  the  b r i g h t n e s s  tempera ture  TB o f  a u n i f o r m  s u r f a c e  t y p e  w i t h  
e m i s s i v i t y  E and p h y s i c a l  tempera ture  T. 
temperature o f  a p i x e l  area d e r i v e s  f rom v a r i o u s  sources, i n c l  u d i  ng atmospher ic  
c o n t r i b u t o r s  as w e l l  as  t h e  water  and i c e  w i t h i n  t h e  f i e l d  o f  view. To a 
good approximation, i n  a s i t u a t i o n  where t h e  i c e  i s  o f  u n i f o r m  e m i s s i v i t y ,  
W i t h i n  t h e  i c e  pack, t h e  b r i g h t n e s s  
where EM, Tw, and C w  a r e  t h e  e m i s s i v i t y ,  sur face  p h y s i c a l  temperature,  and 
a r e a l  percentage o f  water ,  and €1, TI, and CI a re  t h e  cor respond ing  va lues  
f o r  sea i c e .  
bu t i ons ,  i n c l u d i n g  t h e  d i r e c t  u p w e l l i n g  r a d i a t i o n  f rom t h e  atmosphere, t h e  
downwel l ing r a d i a t i o n  r e f l e c t e d  by t h e  sur face ,  and t n e  r a d i a t i o n  f rom space 
TA i s  t h e  sum o f  t h e  atmospher ic  and o t h e r  above-sur face c o n t r i -  
r e f l e c t e d  by t h e  sur face .  
es t ima ted  t o  be ve ry  smal l ,  was neglected.  
The atmospher ic  o p a c i t y  i n  t h e  p o l a r  reg ions ,  
Recognizing t h a t  Cw + CI = 1, t h e  i c e  concen t ra t  on, CI, can be determ 
f rom Equation 8 as  
TB - To 
C T  = 
a 
ned 
(9) 
where To = EW TW + TA i s  t h e  measured b r i g h t n e s s  temperature o f  t h e  wa te r  
determined f rom t h e  data,  and Teff = TI + TA/EI i s  t h e  e f f e c t i v e  s u r f a c e  
p h y s i c a l  temperature.  I n  t h e  p o l a r  reg ions,  t h e  atmospher ic  c o n t r i b u t i o n  t o  
t h e  e f f e c t i v e  temperature i s  small  because t h e  h u m i d i t y  and t h e  water-vapor 
con ten t  i n  t h e  atmosphere a r e  very low. Therefore,  Teff i s  t aken  t o  be equal  
t o  TI. Tho a p p r o p r i a t e  va lue  f o r  TI i s  t h e  temperature a t  t h e  t o p  o f  t h e  sea 
i c e  below t h e  snow cover ,  because most o f  t h e  observed r a d i a t i o n  emanates f rom 
a t h i n  t o p  l a y e r  o f  s a l i n e  i ce .  
i r i  t h e  absence u i  r e a l - t i m e  p i iys ica i  teilipei-.ature d a t a ,  T i  i s  es t ima ted  
f r o m  a c o m p i l a t i o n  o f  c l i m a t o l o g i c a l  s u r f a c e  a i r  temperatures ( a l s o  i n c l u d e d  
on t h e  magnet ic tapes;  see t h e  f o l l o w i n g  s e c t i o n )  as f o l l o w s .  
a t  t h e  t o p  s u r f a c e  o f  t h e  sea i c e  i s  c a l c u l a t e d  as l y i n g  between t h e  s u r f a c e  
a i r  temperature,  T a i r ,  es t ima ted  by mean month ly  c l i m a t o l o g i c a l  va lues,  and 
t h e  temperature o f  t h e  water  underneath t h e  i c e .  The f o r m u l a t i o n  used i s  
The temperature 
where TF i s  t h e  f r e e z i n g  p o i n t  of sea wa te r  (271.2 K), and f i s  an e m p i r i c a l  
parameter determined f rom t h e  observed b r i g h t n e s s  tempera tu re  da ta  by a d j u s t i n g  
f u n t i l  t h e  maximum values o f  CI f rom Equat ion 9 a r e  c o n s i s t e n t l y  about 100 
p e r c e n t  d u r i n g  w i n t e r .  
a r c t i c  a t l a s  ( Z w a l l y  e t  a l . ,  1983), t h rough  examinat ion of t h e  J u l y  1974 d a t a  
ove r  t h e  southern ocean. 
showed t h a t  f = 0.25 i s  a l s o  a p p r o p r i a t e  f o r  t h e  A r c t i c .  
agrees w i t h  t h e  o v e r a l l  average of s u r f a c e  measurements made a t lPond  I n l e t  i n  
t h e  Canadian A rch ipe lago  (R. Ramseier, personal  communication). I n  r e a l i t y ,  
A v a l u e  of f = 0.25 was determined f o r  use i n  t h e  Ant-  
L a t e r  examinat ion o f  t h e  N o r t h e r n  Hemisphere da ta  
T h i s  va lue  o f  0.25 
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t h e  magnitude o f  f w i l l  vary  s p a t i a l l y  w i t h  t h e  th i cknesses  o f  t h e  i c e  and 
t h e  snow cover, b u t  f = 0.25 appears t o  be a reasonable average value. 
Analys is  of b r i g h t n e s s  temperatures f rom t h e  open-ocean area i n  t h e  
v i c i n i t y  of  t h e  i c e  pack a l l owed  d e t e r m i n a t i o n  o f  To  f o r  use i n  Equat ion 9. 
S p e c i f i c a l l y ,  t h e  4-year-average b r i g h t n e s s  tempera tu re  over  i c e - f r e e  areas 
of  t h e  no r th  p o l a r  r e g i o n  was c a l c u l a t e d  f rom t h e  ESMR obse rva t i ons  t o  be 
138.3 K, and t h i s  i s  t h e  va lue  i n s e r t e d  f o r  To. O f  t h e  138.3 K, app rox ima te l y  
120 K d e r i v e s  f rom t h e  water  and t h e  remainder d e r i v e s  f rom t h e  atmosphere. 
[ I n  t h e  A n t a r c t i c ,  t h e  s i m i l a r l y  c a l c u l a t e d  To i s  135 K. 
between hemispheres i s  b e l i e v e d  t o  be caused p redominan t l y  by a c t u a l  d i f f e r e n c e s  
i n  t h e  average s i g n a t u r e  o f  i c e - f r e e  ocean i n  t h e  two hemispheres. 
a l s o  be caused i n  p a r t  by v a r i a t i o n s  i n  t h e  s e n s i t i v i t y  o f  t h e  i n s t r u m e n t  
w i t h  temperature. 
t h e  n o r t h  p o l a r  r e g i o n  b u t  i s  n o t  exposed t o  s o l a r  h e a t i n g  as i t  approaches 
t h e  sou th  p o l a r  reg ion.1 
The 3.3 K d i f f e r e n c e  
It c o u l d  
The s a t e l l i t e  i s  exposed t o  s o l a r  h e a t i n g  as  i t  approaches 
The i c e  c o n c e n t r a t i o n  parameter p laced  on t h e  magnet ic tapes  i s  generated 
f rom Equat ion 9 u s i n g  To = 138.3 K, Teff = TI, as c a l c u l a t e d  f rom Equa t ion  10, 
and EI = 0.92. 
r a d i a t i v e  equat ions as a p p r o p r i a t e  f o r  f i r s t - y e a r  sea i c e  and i s  con f i rmed  
e m p i r i c a l l y  f o r  f i r s t - y e a r  i c e  by examinat ion o f  t h e  ESMR data.  
many regions o f  t h e  A r c t i c  c o n t a i n  s i g n i f i c a n t  amounts o f  m u l t i y e a r  i c e ,  
which has an e m i s s i v i t y  o f  app rox ima te l y  0.84 i n s t e a d  o f  0.92. 
g r i d d e d  data can be i n t e r p r e t e d  d i r e c t l y  as i c e  c o n c e n t r a t i o n s  o n l y  i n  those  
g r i d  squares c o n t a i n i n g  o n l y  open water  and f i r s t - y e a r  sea i c e .  Otherwise 
t h e  d a t a  should be i n t e r p r e t e d  us ing  a nomogram ( F i g u r e  3 ) ,  i n  which b o t h  
i c e  concen t ra t i on ,  C y  and m u l t i y e a r  i c e  f r a c t i o n ,  FMY, a r e  represented as 
The v a l u e  o f  0.92 used f o r  t h e  e m i s s i v i t y  i s  es t ima ted  by  
However, 
Hence t h e  
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v a r i a b l e s .  The c r u c i a l  element i n  t h e  genera t i on  o f  t h e  nomogram i s  t h e  
p r o p e r  placement of t h e  concen t ra t i on  va lues on t h e  r i gh t -hand  sca le ,  
cor respond ing  t o  a f i e l d  of v iew w i t h  e x c l u s i v e l y  m u l t i y e a r  i c e  and open 
water. The r i gh t -hand  s c a l e  on the  nomogram was c o n s t r u c t e d  by r e c o g n i z i n g  
t h a t  t h e  concen t ra t i ons  C 1  c a l c u l a t e d  w i t h  a f i r s t - y e a r  i c e  e m i s s i v i t y  were 
determined by 
TB - To 
c1 = 
A 
0.92 TI - To 
w i t h  To = 138.3 K, whereas f o r  m u l t i y e a r  i c e  t h e  c a l c u l a t i o n  would have been 
TB - To 0.92 TI - To 
CMV = = c1 ( I *  
I , ,  A 
0.84 TI - To 0.84 TI - To 
I n s e r t i n g  248 K as an a p p r o p r i a t e  o v e r a l l  v a l u e  f o r  TI, Equat ion  12 reduces 
t o  CMY = 1.283 C1, which i s  t h e  convers ion used i n  c r e a t i n g  t h e  nomogram o f  
F i g u r e  3. 
c o l  ored-coded, w i t h ,  f o r  i ns tance ,  t h e  boundary between 1 i g h t  p i n k  and deep 
I n  t h e  A r c t i c  a t l a s ,  t h e  i c e  c o n c e n t r a t i o n  maps and nomograms a r e  
brown o c c u r r i n g  a t  78 pe rcen t  concen t ra t i on  f o r  f i r s t - y e a r  i c e .  
3, t h i s  boundary corresponds t o  100 pe rcen t  (=  1.283 x 0.78) c o n c e n t r a t i o n  
f o r  m u l t i y e a r  i c e .  S i m i l a r l y ,  44 percent  c o n c e n t r a t i o n  f o r  f i r s t - y e a r  i c e  
corresponds t o  56.5 pe rcen t  concen t ra t i on  f o r  m u l t i y e a r  i c e  ( F i g u r e  3). 
From F i g u r e  
Th is  
l e v e l  i s  c o l o r e d  deep green i n  t h e  i c e  c o n c e n t r a t i o n  maps and nomograms o f  
t h e  a t l a s .  Dur ing  p e r i o d s  o f  sur face m e l t i n g ,  f i r s t - y e a r  and m u l t i y e a r  i c e  
a r e  i n d i s t i n g u i s h a b l e  by pass i ve  microwave measurements (Park inson e t  a l . ,  
1987), and t h e  a p p r o p r i a t e  s c a l e  f o r  b o t h  i c e  t ypes  i s  t h e  s c a l e  on t h e  l e f t  
o f  F i g u r e  3. D i f f e r e n c e s  between w e t  and d r y  f i r s t - y e a r  i c e ,  which a r e  about 
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3 percent ,  are neg lec ted  i n  t h e  nomogram. 
"pseudo i ce concent r a t  i ons . ' I  
The va lues on tape  a r e  termed 
I n  i n t e r p r e t i n g  t h e  pseudo i c e  c o n c e n t r a t i o n s  g r i d d e d  on t h e  magnet ic  
tapes,  i t  i s  impor tan t  t o  r e a l i z e  t h a t  t h e  nomogram o f  F i g u r e  3 shou ld  be 
used and fur thermore t h a t  a g i v e n  g r i d d e d  v a l u e  i s  assoc ia ted  w i t h  a un ique 
i c e  concen t ra t i on  o n l y  i f  t h e  m u l t i y e a r  i c e  f r a c t i o n  FMY i s  known. For  
i ns tance ,  i n  seasonal sea i c e  reg ions  w i t h  o n l y  f i r s t - y e a r  i c e ,  FMY = 0 
and t h e  approp r ia te  s c a l e  i s  t h e  s c a l e  on t h e  l e f t  o f  t h e  nomogram, so t h a t  
t h e  g r i d d e d  values a re  indeed t h e  c a l c u l a t e d  i c e  concen t ra t i ons .  By c o n t r a s t ,  
i n  l o c a t i o n s  where t h e  observed i c e  f i e l d  i s  b e l i e v e d  t o  be t o t a l l y  m u l t i y e a r  
i c e  (FMY = 1) t h e n  t h e  a p p r o p r i a t e  s c a l e  i s  on t h e  r i g h t - h a n d  s i d e  o f  t h e  
nomogram, and t h e  i c e  concen t ra t i ons  a re  n o t  t h e  g r i d d e d  va lues  b u t  t hose  
va lues  t imes 1.283. I f  no i n f o r m a t i o n  i s  known about t h e  m u l t i y e a r  i c e  
f r a c t i o n ,  then t h e  nomogram p rov ides  t h e  a p p r o p r i a t e  range o f  i c e  concent ra -  
t i o n s  f o r  each g r idded  va lue,  t h i s  range go ing  f rom t h e  g r i d d e d  va lue  on t h e  
l e f t - h a n d  sca le  t o  t h e  va lue  h o r i z o n t a l l y  oppos i te  i t  on t h e  r i gh t -hand  sca le .  
Fo r  instance,  a g r i d d e d  va lue  o f  52 pe rcen t  i n d i c a t e s  an i c e  c o n c e n t r a t i o n  
anywhere f r o m  52 percent  ( i f  t h e r e  i s  no m u l t i y e a r  i c e )  t o  67 pe rcen t  ( i f  
t h e  i c e  i s  a l l  m u l t i y e a r  i c e ) .  The nornogram can a l s o  be used i n  an i n v e r s e  
manner t o  determine t h e  m u l t i y e a r  i c e  f r a c t i o n ,  i f  t h e r e  i s  independent 
knowledge (o r  an e s t i m a t e )  o f  t h e  t o t a l  i c e  concen t ra t i on .  
t h e  A r c t i c  a t l a s  i n  seve ra l  cases where t h e  t o t a l  i c e  c o n c e n t r a t i o n  i s  assumed 
t o  be ve ry  c lose  t o  100 percent .  
T h i s  i s  done i n  
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SURFACE A I R  TEMPERATURES AND SEA LEVEL PRESSURES 
The da ta  tapes  i n c l u d e ,  i n  a d d i t i o n  t o  t h e  s a t e l l i t e  ESMR b r i g h t n e s s  
tempera tures  and t h e  d e r i v e d  pseudo sea i c e  concen t ra t i ons ,  m a t r i c e s  of 
mean month ly  c l i m a t o l o g i c a l  sur face  a i  r temperatures and sea 1 eve1 pressures  
c o n s t r u c t e d  f rom data  c o l l e c t e d  over t h e  30-year p e r i o d  1931-1960. These 
da ta ,  e a r l  i e r  compi 1 ed on to  5" by  5" 1 a t i  t u d e / l  ongi  t ude  g r i d s  by  Cru tche r  
and Meserve (1970) ,  were ob ta ined  on magnet ic  tapes  f rom Roy Jenne a t  t h e  
N a t i o n a l  Center f o r  Atmospheric Research and were then  reg r idded  t o  t h e  293 
b y  293 p n l a r  g r i d s  nf the ESMR hr i9h tness  tempPrat i i rez .  The r e g r i d d i n g  t o  
t h e  f i n e r - r e s o l u t i o n  g r i d  was done by t h e  f o l l o w i n g  procedu 
element i n  t h e  ESMR g r i d ,  t h e  l a t i t u d e  and l o n g i t u d e  o f  t h e  
c a l  c u l  ated. C1 i m a t o l  og i  c a l  va lues  a t  t h i s  1 a t i  t ude  and two 
Meserve l o n g i t u d e s  5" a p a r t  and on e i t h e r  s i d e  o f  t h e  ESMR 
determined u s i n g  po lynomia l  i n t e r p o l a t i o n  o f  t h e  o r d e r  5 on 
e: For  each da ta  
m idpo in t  were 
Cru tcher  and 
ongi  t ude  were 
a l l  da ta  f rom 
each o f  t h e  two long i tudes .  
t hen  i n f e r r e d  by l i n e a r  i n t e r p o l a t i o n  f rom t h e  two p o l y n o m i a l l y  i n t e r p o l a t e d  
va lues  a t  t h e  same l a t i t u d e .  A second va lue  f o r  t h e  ESMR da ta  element was 
determined s i m i l a r l y  b u t  u s i n g  po lynomia l l y  i n t e r p o l a t e d  va lues a t  two p o i n t s  
a t  t h e  ESMR l o n g i t u d e  b u t  5" o f  l a t i t u d e  a p a r t .  The two va lues ob ta ined  
were u s u a l l y  ve ry  c l o s e  t o  each other ,  and t h e i r  average was used as t h e  
f i na l  c l  i m a t o l  o g i c a l  V a l  ue correspondi  ng t o  t h e  ESMR da ta  element . 
An i n i t i a l  va lue  f o r  t h e  ESMR da ta  element was 
DATA STORAGE AND RETRIEVAL 
The g r idded  da ta  m a t r i c e s  discussed above a r e  s t o r e d  i n  sequen t ia l  a r r a y s  
on t h e  magnet ic  tapes  assoc ia ted  w i th  t h i s  r e p o r t .  Fo r  each da ta  m a t r i x  D, 
t h e r e  i s  a l s o  a p o p u l a t i o n  m a t r i x  P assoc ia ted  w i t h  i t . An i n d i v i d u a l  
13 
va lue  D(1,J) i n  t h e  d a t a  m a t r i x  rep resen ts  t h e  average va lue  o f  t h e  d a t a  
f o r  g r i d  c e l l  ( I , J ) ,  I and J be ing  d e f i n e d  i n  Equat ions 5 and 6. 
b r i g h t n e s s  temperature and i c e  c o n c e n t r a t i o n  d a t a  ma t r i ces ,  t h e  va lue  P (  1,J) 
i n  t h e  popu la t i on  m a t r i x  corresponding t o  t h e  v a l u e  D(1,J) equa ls  t h e  number 
o f  measurements averaged t o  o b t a i n  D (  1,J). 
f i l l e d  w i t h  values o f  50 i s  i n s e r t e d  f o r  t h e  s u r f a c e  a i r  tempera ture  and 
sea l e v e l  pressure ma t r i ces ,  i n  o r d e r  t o  a l l o w  t h e  same fo rmat  and da ta  
sequence t o  be used f o r  each f i l e  o f  t h e  tapes.  I n  t h e  i c e  c o n c e n t r a t i o n  
da ta  ma t r i ces ,  l a n d  g r i d  p o i n t s  a r e  i n d i c a t e d  by va lues  o f  -50 and, as i n  
t h e  A r c t i c  a t l as ,  a l l  concen t ra t i ons  l e s s  t h a n  12  pe rcen t  a r e  p resented  as 
0 percent .  
For  t h e  
A meaningless p o p u l a t i o n  m a t r i x  
Tab le  2 shows t h e  format  and t h e  sequence i n  which t h e  d a t a  a r e  s t o r e d  
i n  each o f  t h e  f i l e s .  
d a t a  m a t r i x  descr ibes t h e  t y p e  o f  data,  t h e  s i z e  o f  t h e  g r i d ,  t h e  s c a l i n g ,  
t h e  t i m e  i n t e r v a l  over  which t h e  d a t a  were accumulated, and o t h e r  i n f o r m a t i o n  
rega rd ing  t h e  reco rd ing  fo rmat  (Tab le  3; t h i s  header record,  c r e a t e d  f o r  
t h e  surrmary data tapes  be ing  d i s t r i b u t e d  w i t h  t h i s  r e p o r t ,  d i f f e r s  somewhat 
f rom t h e  header records  used d u r i n g  t h e  p r o d u c t i o n  o f  t h e  A r c t i c  a t l a s  i t s e l f ,  
so t h a t  Tab le  3 i s  n o t  i d e n t i c a l  t o  Tab le  A-5 i n  Appendix A o f  t h e  a t l a s ) .  
T h i s  header i s  f o l l o w e d  by a sequence o f  293 d a t a  reco rds  i n t e r l e a v e d  wi th  
293 p o p u l a t i o n  records,  each reco rd  be ing  293 words l o n g  and p r e s e n t i n g  t h e  
va lues  of D(I,J)  o r  P ( I , J )  f o r  cons tan t  I and f o r  J v a r y i n g  f rom 1 t o  293. 
Each word of  the da ta  and p o p u l a t i o n  records  i s  5 by tes ,  making each reco rd  
1465 bytes.  
w i t h  an i n t e g e r  format, each d a t a  word has been m u l t i p l i e d  by a s c a l i n g  f a c t o r  
o f  50. 
An 18-word, 4-byte-per-word header p reced ing  each 
On t h e  magnet ic  tapes ,  i n  o r d e r  t o  m a i n t a i n  data p r e c i s i o n  a long 
Hence, t o  o b t a i n  b r i g h t n e s s  temperatures,  pseudo i c e  concen t ra t i ons ,  
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a i r  temperatures,  o r  pressures,  t he  va lues  on tape  must be d i v i d e d  by 50. 
A l though o n l y  t h e  f i r s t  72 by tes  o f  t h e  header reco rd  a r e  mean ing fu l ,  t h i s  
r e c o r d  a l s o  has a l e n g t h  o f  1465 bytes. The d a t a  on tape  a r e  b locked  i n t o  
5 reco rds  p e r  b lock.  
c o n t r o l  language f o r  read ing  t h e  tape on an I B M  3081 computer a r e  g i v e n  i n  
t h e  Appendix. 
A sample F o r t r a n  program and t h e  cor respond ing  j o b  
A l l  t h e  month ly  da ta  have been p laced  on one magnet ic  t a p e  w r i t t e n  a t  
6250 b i t s  p e r  inch. 
tempera tures  f rom 1973 th rough  1976 a r e  s t o r e d  i n  f i l e s  1 th rough  39 i n  
c h r o n o l o g i c a l  o rder ,  f o l l o w e d  b y  1 2  f i l e s  c o n t a i n i n g  m a t r i c e s  o f  m u l t i y e a r  
month ly  b r i g h t n e s s  temperatures,  f o u r  f i l e s  c o n t a i n i n g  m a t r i c e s  o f  y e a r l y  
b r i g h t n e s s  temperatures,  and one f i l e  c o n t a i n i n g  t h e  m a t r i x  o f  t h e  f u l l  
4-year-averaged b r i g h t n e s s  temperatures. 
cor respond ing  56 f i  1 es c o n t a i  n i  ng pseudo-i ce -concen t ra t i on  ma t r i ces ,  t h e  12 
f i l e s  c o n t a i n i n g  c l i m a t o l o g i c a l  sur face  a i r  tempera ture  ma t r i ces ,  and t h e  
12  f i l e s  c o n t a i n i n g  c l i m a t o l o g i c a l  p ressu re  mat r ices .  
sequence o f  136 f i l e s ,  t h e  t i m e  i n t e r v a l  covered by each f i l e ,  and b o t h  t h e  
average p o p u l a t i o n  and t h e  o v e r a l l  q u a l i t y  o f  each b r i g h t n e s s  tempera ture  
and i c e  c o n c e n t r a t i o n  m a t r i x .  
t hose  l i s t e d  i n  Zwa l l y  e t  a l .  (1981) f o r  t h e  A n t a r c t i c  because f o r  t h e  A r c t i c  
we have averaged over  t h e  whole 293 by 293 g r i d  whereas f o r  t h e  A n t a r c t i c  
t h e  averaging was done o n l y  between 55OS and 6OoS, where t h e  d a t a  a r e  more 
complete. The A n t a r c t i c  popu la t i on  va lues  have r e c e n t l y  been examined f o r  
t h e  e n t i r e  293 by 293 g r i d ,  and the  r e s u l t i n g  p o p u l a t i o n  averages were found 
t o  be comparable t o  those  i n  Table 4. 
The 39 f i l e s  c o n t a i n i n g  m a t r i c e s  o f  month ly  b r i g h t n e s s  
These 56 f i l e s  a r e  f o l l o w e d  by t h e  
Tab le  4 l i s t s  t h e  
The average p o p u l a t i o n  va lues  a r e  l o w e r  t h a n  
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A d e t a i l e d  ana lys i s  o f  t h e  da ta  s e t  p resented  on t h e  magnet ic  tapes  and 
d e s c r i p t i o n s  o f  t h e  i c e  c o n d i t i o n s  revea led  by these  da ta  a r e  g i v e n  i n  t h e  
p r e v i o u s l y  mentioned A r c t i c  sea i c e  a t l a s  (Pa rk inson  e t  al., 1987). T h i s  
a t l a s  i n c l u d e s  color-coded images o f  each o f  t h e  136 d a t a  m a t r i c e s  on t h e  
magnetic tapes,  as w e l l  as o t h e r  co lo r -coded images, such as o f  i c e  concen- 
t r a t i o n  d i f f e r e n c e s  f rom one month t o  another ,  and a wide v a r i e t y  of t i m e  
sequence p l o t s  de r i ved  f rom t h e  data. 
t h e  area o f  i c e  i n  va r ious  pseudo i c e  c o n c e n t r a t i o n  c a t e g o r i e s  f o r  t h e  e n t i r e  
293 by 293 g r i d  area and f o r  each o f  e i g h t  separa te  reg ions .  
open water ,  mean i c e  concen t ra t i on ,  and a c t u a l  i c e  areas a r e  a l s o  shown f o r  
t h e  e i g h t  reg ions and t h e  t o t a l .  
each o f  t h e  e i g h t  reg ions  o f  t h e  observed c h a r a c t e r i s t i c s  o f  t h e  growth-decay 
c y c l e  and var ious  i n t e r a n n u a l  v a r i a t i o n s .  For  convenience i n  c o n f i r m i n g  t h e  
read ing  o f  t h e  magnetic tapes, maps o f  t h e  month ly  and m u l t i y e a r  month ly  i c e  
edge p o s i t i o n s  are  i nc luded  here  i n  F i g u r e s  4 th rough  13. 
Among t h e  t i m e  sequences a r e  p l o t s  o f  
The area o f  
Ex tens ive  t e x t  i n c l u d e s  d i s c u s s i o n  f o r  
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Word Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23-41 
42 
43-46 
47-1 24 
125-202 
203-280 
Table 1 
Data Record Format* f o r  ESMR CRT Tapes 
Quan t i t y  
Year 
Day 
Hour 
Minute 
Second 
Program ID 
P i t c h  e r r o r  
R o l l  e r r o r  
RMP i nd i ca ted  
r a t e  high 
L a t i  tude 
Longitude 
Height 
Hot-load mean 
Hot 1 oad 
Col d-1 oad mean 
Cold load 
MlJX 1 
MUX 2 
MUX 3 
MUX 4 
MUX 5 
MUX 6 
Engi neer i  ng data 
Ream 
p o s i t i o n  79 
La t i t ude  
Longitude 
R r i  ghtness 
temperature 
Un i t s  
Year 
Days 
Hours 
Minutes 
Seconds 
Degrees 
Degrees 
Degrees 
Degrees 
K i  1 ometers 
Degrees 
negrees 
Kel v i  ns 
Scale 
x 10 
x 10 
x 10 
x 10 
x 10 
x 10 
x l 0 0  
x 10 
x l 0 0  
x 1  
x 1  
x 1  
x 1  
x 1  
x 1  
x 10 
x 10 
x 10 
Des c r i p t i on 
Year assoc ia ted  w i t h  data 
Unique program i d e n t i f i c a t i o n  
P i t c h  f i n e  e r r o r  
R o l l  f i n e  e r r o r  
L a t i t u d e  o f  s u b s a t e l l i t e  
p o i  n t  
Longi tude o f  s u b s a t e l l i t e  
p o i n t  
Height  o f  spacecra f t  
Average antenna temperature 
Phase-shi f t  temperature 
F e r r i t e - s w i t c h  temperature 
Ambient-1 oad temperature 
Hot- load temperature 
Automatic ga in  c o n t r o l  
Spa r e  
L a t i t u d e s  o f  t h e  78 scan 
p o s i t i o n s  
Longitudes o f  t h e  78 scan 
p o s i t i o n s  
Br igh tness  temperatures 
o f  t h e  78 scan p o s i t i o n s  
*Source: W i l h e i t ,  1972. 
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Table 2 
Standard Format* f o r  Each F i l e  on t h e  ESMR Month ly  Average Data Tapes 
(Each f i l e  c o n t a i n s  a header record,  one 293 by  293 da ta  m a t r i x ,  
and one 293 by  293 p o p u l a t i o n  mat r ix . )  
Record Number 
1 
2 
3 
4 
5 
. . . 
586 
587 
Length ( b y t e s )  
1465 
1465 
1465 
1465 
1465 
. . . 
1465 
1465 
Format 
(see b e l  ow)' 
29315 
29315 
29315 
293 I 5  
. . . 
29315 
29315 
*Data fo rmat  2 i n  t h e  header reco rd  (see Table 
+(915, 2A5, 315, 2A5, 15, A5, 25515, 2015) 
ilumber o f  Words 
293 
293 
29 3 
293 
293 
. 
29 3 
293 
Desc r i p t i on 
Heading ( o n l y  t h e  
f i r s t  18 words a r e  
meani n g f  u l  ) 
Row 1 da ta  ( x  50) 
Observat ion 
popul  a t  i on 
o f  row 1 
Row 2 da ta  ( x  50) 
Observa t ion  
popul  a t  i on 
o f  row 2 
Row 293 da ta  ( x  50) 
Observa t ion  
p o p u l a t i o n  
o f  row 293 
3 )  i n d i c a t e s  s tandard  fo rmat .  
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Table 3 
Header Record f o r  Each F i l e  on t h e  ESMR Month ly  Average Data Tapes 
Word 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10-11 
12 
13 
14 
15 
16 
17 
18 
19-293 
Format 
I 5  
I 5  
I 5  
I 5  
I 5  
I 5  
I 5  
I 5  
I 5  
2A5 
I 5  
I 5  
I 5  
A5 
A5 
I 5  
A5 
25515,2015 
Number o f  
Bytes / Word 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
Des c r i p t i on 
P r o j e c t i o n  ( 1  - f o r  p o l a r  s te reograph ic )  
Number of columns (293) 
Number o f  rows (293) 
Sca le  (25 f o r  2.5 x 106:1) 
L a t i t u d e  enc losed (SOON) 
Greenwich o r i e n t a t i o n  ( 4 5 O )  
Radius of t h e  E a r t h  i n  p i x e l s  (201) 
J -coo rd ina te  of t h e  p o l e  (147) 
I - c o o r d i n a t e  o f  t h e  p o l e  (147) 
Data t ype*  (TR, I C E  CON, SURF TEMP, 
o r  CLIM PRES) 
F i l e  number 
F i r s t  day o f  da ta  i n t e r v a l  
L a s t  day o f  da ta  i n t e r v a l  
Month 
Year** 
Data fo rmat  ( 2  f o r  t h e  s tandard  
Data i d e n t i f i c a t i o n  (ATLS f o r  A r c t i c  
Meaningless 
fo rma t  o f  Tab le  2) 
A t l a s  da ta )  
*The abbrev ia t i ons  used i n  words 10 and 11 f o r  t h e  da ta  v a r i a b l e s  a r e  as 
f o l l o w s :  TB i s  b r i g h t n e s s  temperature,  I C E  CON i s  pseudo i c e  concen t ra t i on ,  
SURF TEMP i s  mean month ly  c l i m a t o l o g i c a l  s u r f a c e  a i r  temperature,  and CLIM 
PRES i s  mean monthly c l i m a t o l o g i c a l  sea-1 eve1 pressure.  
* * In  t h e  case o f  severa l -year  averages, word 16 i n d i c a t e s  t h e  yea rs  averaged 
by t h e  a p p r o p r i a t e  sequence of l a s t  d i g i t s .  
1974, and 1976 were averaged, word 16 i s  346. 
For  example, if years  1973, 
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Table 4 
F i l e s  on t h e  ESMR Monthly Average Data Tapes 
~~ ~~~ 
F i l e  
Number 
Time I n t e r v a l  
Date ( J u l  i a n  Dates) 
A. ESMR B r i g h t n e s s  Temperature Maps 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 
34 
35 
36 
37 
38 
39 
January 1973 
February 1973 
June 1973 
J u l y  1973 
September 1973 
October 1973 
ivoverirbe t; i 97 3 
December 1973 
.I - 
January 1974 
February 1974 
March 1974 
A p r i l  1974 
May 1974 
June 1974 
J u l y  1974 
August 1974 
September 1974 
October 1974 
Nov em b e r 19 7 4 
December 1974 
January 1975 
February 1975 
March 1975 
A p r i l  1975 
May 1975 
September 1975 
Octo be r 1 97 5 
November 1975 
December 1975 
January 1976 
February 1976 
March 1976 
A p r i l  1976 
May 1976 
June 1976 
J u l y  1976 
August 1976 
September 1976 
Octo be r 197 6 
001-031 
032-059 
152-181 
182-212 
249 - 2 7 3 
274-304 
clnr 7-r) 
3U3 '33L  
336-365 
00 1-03 1 
032-059 
060-081 
097-120 
121-151 
152-181 
182-212 
213-243 
244- 27 3 
274-304 
305-334 
335-364 
001-028 
032-059 
060-088 
098-106 
122-151 
244-273 
274-304 
305-334 
335-365 
001-031 
032-060 
061-091 
092-121 
122-1 52 
153-182 
186-21 3 
214-244 
245-274 
275-305 
Average 
Popul a t  i on 
62 
61  
62 
52 
21 
38 
50 
A 0  -tu 
44 
53 
41 
44 
44 
54 
46 
31  
67 
50 
52 
63 
61  
46 
55 
13 
64 
14 
26 
24 
31 
33 
31  
34 
39 
34 
33 
32 
40 
37 
29 
Data 
Qual  i t y  
Good 
Good 
Good 
Good 
F a i r  
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
F a i r  
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Poor 
Good 
Poor 
F a i r  
F a i r  
F a i  r 
F a i  r 
F a i r  
F a i  r 
F a i  r 
F a i  r 
F a i  r 
F a i r  
F a i  r 
F a i r  
F a i  r 
C n n A  uuuu 
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Table 4 ( c o n t i n u e d )  
F i l e  
Number 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
Date 
~~ ~ ~~ 
January 1973-1976 
February 1973-1976 
March 1974-1976 
A p r i l  1974-1976 
May 1974-1976 
June 1973,1974,1976 
J u l y  1973,1974,1976 
August 1974,1976 
September 1973-1976 
October 19 7 3- 19 7 6 
November 197 3- 197 5 
Decemb e r 19 7 3 - 197 5 
1973 
1974 
1975 
1976 
1973-1976 
B. Sea I c e  Concen t ra t i on  Maps 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
January 1973 
February 1973 
June 1973 
J u l y  1973 
September 197 3 
October 1973 
Novembe r 19 7 3 
Decembe r 197 3 
January 1974 
February 1974 
March 1974 
A p r i l  1974 
May 1974 
June 1974 
J u l y  1974 
August 1974 
September 1974 
October 1974 
Novembe r 19 7 4 
December 1974 
Time I n t e r v a l  
( J u l  i an Dates) 
001-031 
032-060 
060-091 
092-121 
122-152 
153-182 
183-213 
214-244 
245-274 
275-305 
306-335 
336-365 
001-365 
00 1 - 36 5 
001 -365 
001-366 
001-366 
001 -031 
032-059 
152-181 
182-212 
249-273 
274-304 
305-332 
336-365 
001-031 
032-059 
060-081 
097-120 
121-151 
152-181 
182-212 
213-243 
244-273 
274-304 
305-334 
335-364 
Average 
P o p u l a t i o n  
200 
191 
130 
96 
142 
149 
130 
71 
139 
143 
124 
144 
394 
589 
334 
342 
1659 
62 
61 
62 
52 
21 
38 
48 
13 
44 
53 
41 
44 
44 
54 
46 
31 
67 
50 
52 
63 
Data 
Qual i t y  
Good 
Good 
Good 
F a i  r 
Good 
Good 
Good 
F a i  r 
Good 
Good 
Good 
Good 
F a i  r 
Good 
F a i  r 
F a i  r 
Good 
Good 
Good 
Good 
Good 
Fa i  r 
Good 
Good 
Poor 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
F a i  r 
Good 
Good 
Good 
Good 
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Tab le  4 ( c o n t i n u e d )  
F i l e  
Number 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
88 
89 
90 
9 1  
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
01 
0 1  
Date 
January 1975 
February 1975 
March 1975 
A p r i l  1975 
May 1975 
September 1975 
October 1975 
November 1975 
December 1975 
January 1976 
March 1976 
A p r i l  1976 
May 1976 
June 1976 
J u l y  1976 
August 1976 
September 1976 
October 1976 
C..hm,.-m.,  i n i c  
I C U I  uaty  L ~ I U  
Ja nu a ry  197 3- 197 6 
February 1973-1976 
March 1974-1976 
A p r i  1 1974-1976 
May 1974-1976 
June 1973,1974,1976 
J u l y  1973,1974,1976 
August 1974,1976 
September 1973-1976 
October 1973-1976 
November 1973-1975 
December 1973-1975 
1973 
1974 
1975 
1976 
1973-1976 
Time I n t e r v a l  
(Ju l  i an Dates) 
001-028 
032-059 
060-088 
098-106 
122-151 
244-273 
274-304 
305-334 
335-365 
001-031 
032-060 
061-091 
092-121 
122-152 
153-182 
186-213 
214-244 
245-274 
275-305 
001-031 
032-060 
060-091 
092-121 
122-152 
153-182 
183-213 
214-244 
245-274 
275-305 
306-335 
336-365 
00 1 - 365 
001-365 
001-365 
001-366 
001-366 
Average 
P o p u l a t i o n  
61  
46 
55 
13 
64 
14 
26 
24 
31 
33 
31 
34 
39 
34 
33 
32 
40 
37 
29 
200 
191 
130 
96 
142 
149 
130 
71 
139 
143 
124 
107 
357 
589 
334 
342 
1622 
Data 
Qual i t y  
~~ 
Good 
Good 
Good 
Poor 
Good 
Poor 
F a i r  
F a i  r 
F a i  r 
F a i  r 
Fa i  r 
F a i r  
F a i  r 
Fa1 r 
F a i r  
F a i r  
F a i r  
F a i r  
Good 
Good 
Good 
F a i r  
Good 
Good 
Good 
F a i r  
Good 
Good 
Good 
Good 
F a i  r 
Good 
F a i  r 
Good 
Good 
l Z = i  n 
I U I I  
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Table 4 ( c o n t i n u e d )  
F i l e  
Number I Date Time I n t e r v a l  ( J u l  i a n  Dates)  
I I 
C. Month ly  C l i m a t o l o g i c a l  Su r face  Temperature Maps 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
January 
Feb r u  a ry 
March 
Apr i  1 
May 
June 
J u l y  
August 
Sep t embe r 
October 
November 
December 
001 -031 
032-059 
060-090 
091-120 
121-151 
152-181 
182-212 
213-243 
244-273 
274-304 
305- 3 34 
335-365 
D. Month ly  C l i m a t o l o g i c a l  Sea Level  Pressure Maps 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
January 
February 
March 
Apri 1 
May 
June 
J u l y  
August 
September 
October 
November 
Decem b e r 
001-031 
032-059 
060-090 
091-120 
121-151 
152-181 
182-212 
213-243 
244-273 
274-304 
305-334 
335-365 
Average 
Popul a t  i on 
Data 
Qual i t y  
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P r C 
C(1.1) 
/j 
135OW 
Cl293.1~ 
- 135'E 
F i g u r e  1. Schematic diagrams f o r  p o l a r  s te reograph ic  
mapping i n  t h e  Nor thern Hemisphere. 
25 
700 
F i g u r e  2. Area o f  a map element ( p i x e l )  as a funct ion  of l a t i t u d e .  
26 
ORIGINAL PAGE r'S 
OF POOR QUALITY 
100% 
92 Yo 
84 Yo 
z 76 Yo 
Q 2 68% 
5 60% 
[I 
w u 
52% 
0 
0 
J 44% a 
b 2 36% 
28 YO 
20 70 
14% 
- 100% 
(w ET) 
100% 
92 Yo 
84 YO 
76 Yo 
68 YO 
60 YO 
52 Yo 
44 70 
36 YO 
28 YO 
20 Yo 
14% 
0 0.5 1.0 
F i g u r e  3. Nomogram o f  t o t a l  i c e  concen t ra t i on  as a f u n c t i o n  o f  t h e  r a t i o  FMY 
o f  m u l t i y e a r  i c e  area t o  t o t a l  i c e  area. 
p resented  on t h e  magnet ic  tapes,  termed pseudo i c e  c o n c e n t r a t i o n  and rep re -  
sented  he re  by t h e  l e f t - h a n d  sca le ,  can be conver ted  t o  i c e  c o n c e n t r a t i o n s  
i f  FMY i s  known: proceed h o r i z o n t a l l y  f rom t h e  va lue  on t h e  l e f t - h a n d  s c a l e  
r i g h t w a r d  u n t i l  t h e  proper  va lue  o f  FMY i s  reached and t h e n  read t h e  t o t a l  
i c e  c o n c e n t r a t i o n  f rom t h e  d i a g o n a l l y  s l a n t e d  l i n e s .  
equal t o  0.5 and t h e  pseudo i c e  concen t ra t i on  equal t o  60 %, t h e  t o t a l  i c e  
c o n c e n t r a t i o n  i s  68 %. 
i n  c o l o r ,  w i t h  corresponding co lor -coded maps o f  t h e  pseudo i c e  c o n c e n t r a t i o n s  
f o r  t h e  month ly ,  y e a r l y ,  and m u l t i y e a r l y  averages. 
The i c e  c o n c e n t r a t i o n  parameter 
Fo r  i ns tance ,  w i t h  FMY 
I n  Park inson e t  a l .  (1987) ,  t h e  nomogram i s  p resented  
27 
MARCH 
1973 
NO DATA 
MAY 
1973 
NO DATA 
APRIL 
1973 
NO DATA 
F i g u r e  4. Mean month ly  sea i c e  e x t e n t s  ( i c e  c o n c e n t r a t i o n s  - > 15 %) 
f o r  January th rough  June 1973. 
ORIGINAL PACE 17 
28 Qf! POOR QUALITY 
AUGUST 
1973 
NO DATA 
I .  
F i g u r e  5. Mean month ly  sea i c e  e x t e n t s  ( i c e  c o n c e n t r a t i o n s  - > 15 X )  
f o r  J u l y  th rough  December 1973. 
29 
F i g u r e  6. Mean month ly  sea i c e  ex1 
f o r  January th rough  June 1974. 
30 
w t s  ( i c e  c o n c e n t r a t i o n s  - > 15  So) 
F i g u r e  7.  Mean monthly sea i c e  e x t e n t s  ( i c e  concent ra t ions  > 15 X )  
f o r  J u l y  through Oecernber 1974. 
- 
31 
JUNE 
1975 
NO DATA 
F i g u r e  8. Mean month ly  sea i c e  e x t e n t s  ( i c e  c o n c e n t r a t i o n s  2 15 %) 
f o r  January th rough June 1975. 
32 
JULY 
1976 
NO DATA 
. 
AUGUST 
1975 
NO DATA 
I I /- 
F i g u r e  9. Mean month ly  sea i c e  e x t e n t s  ( i c e  concen t ra t i ons  - > 15 X )  
f o r  J u l y  th rough December 1975. 
33 
F i g u r e  10. Mean monthly sea i c e  e x t e n t s  ( i c e  concent ra t ions  > 15 % I  
f o r  January through June 1976. 
- 
34 
NOVEMBER 
1976 
NO DATA 
DECEMBER 
1976 
NO DATA 
F igu re  11. Mean mon th l y  sea i c e  e x t e n t s  ( i c e  c o n c e n t r a t i o n s  - > 15 X )  
f o r  J u l y  th rough  December 1976. 
35 
F i g u r e  12.'Mean monthly sea i c e  
averaged f o r  t h e  years  i n d i c a t e d  
e . 
I 
x t e n t s  f o r  January through June, 
36 
F i g u r e  13. Mean month ly  sea i c e  e x t e n t s  f o r  J u l y  th rough  December, 
averaged f o r  t h e  y e a r s  i n d i c a t e d .  
37 
APPEND I X 
I. Sample F o r t r a n  program f o r  read ing  t h e  d a t a  tape:  
DIMENSION IHEAD(  293), IDAT( 293), IPOP (293) 
DO 10 N = 1,136 
READ (8,510) IHEAD 
DO 50 3 = 1,293 
READ (8,520) I D A T  
READ (8,520) I P O P  
50 CONTINUE 
10 CONTINUE 
510 FORMAT (915, 2A5, 315, 2A5, 15, A5, 25515, 2015) 
520 FORMAT (25515, 3815) 
STOP 
END 
11. Job c o n t r o l  language, t a p e  d e n s i t y ,  and b l o c k i n g  s p e c i f i c a t i o n s  a p p r o p r i a t e  
f o r  read ing  the  da ta  tape  on an I B M  3081 computer: 
//FT08F001 DD UNIT=(6250, ,DEFER) ,LABEL=( 1 ,NL) ,DISP=OLD, 
/ / DC B = ( DE N=4, R E C F M= F B , L R E C L = 1 4 6 5 , R L K S I Z E = 7 3 2 5 ) , V 0 L= S E R= x x x x 
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